This study presents a pilot geoarchaeological investigation of terraced agricultural systems near San
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were collected for physical and chemical analyses, and seven soil blocks taken for soil 159 micromorphological analysis. 160
The test pits revealed a quite consistent set of profiles through both terrace systems. The soil 161 profiles comprised either just thin ploughsoils over the weathered tonalite bedrock, or the 162 ploughsoil over a depleted zone of terrace made-ground which buried a remnant of a probable 163 former thin cambisol soil profile developed on the weathered tonalite bedrock. Small bulk and 164 micromorphological samples were collected from one 1x1 m test pit and of two 50x50 cm test 165 pits at six levels from the main representative soil horizons across the terrace system. The test 166 pits were dug to the base of the buried B horizon and/or top of the weathered tonalite parent 167
material (Figs. 4 & 5). 168
Samples were subjected to light grinding using a pestle and mortar before being sieved through a 169 2 mm mesh sieve, then processed using the suite of analyses described in Table 3 (with 170 references therein; Soil Survey Staff 1993), which includes, pH, electrical conductivity (EC), 171 organic matter content (loss-on-ignition), soil moisture content, particle size analysis, 172 phosphorus (P) content and soil micromorphology. Given the tonalitic parent material and 173 various sand-sized aggregates present in the soil samples, some methodological adaptations were 174 necessary to produce useful data. For the organic matter content and particle size analyses, 175 sodium hexametaphosphate was used as a deflocculant to achieve a pH of 9 and disperse the 176 sample fabric and break 2015), as well as a vortex and rotor mixer and sub-sampling from the mid-point of the 179 suspension for particle size analysis using the Malvern Mastersizer S Laser Diffraction Analyzer 180 (Gee and Bauder, 1986). To account for the inclusion of medium-grained sand in the samples9 processed by laser diffraction, medium-sand values from wet-sieving and laser diffraction were 182 combined to decrease distribution errors. 183
Unfortunately without the use of radiocarbon or optically stimulated luminescence (OSL) dating, 184 the excavated terrace systems can only be relatively dated by assuming relationships to the 185 occupation of the associated Sangayaico site. There was no evident organic material from the 186 soil profiles in the test pits that was suitable for radiometric dating, and there were insufficiently 187 clear contacts between the terrace make-up deposits and possible buried soils to justify sampling 188 for OSL dating. Consequently the field systems only have a relative chronology through the 189 terrace systems association with the settlement sites on the Sangayaico ridge above. There is now 190 a series of radiocarbon dates ranging from cal AD 1100-1500 (OxA-30914/15/16, OxA-191 30930/31) for the Late Intermediate site from the associated excavations at Sangayaico (Lane et 192 al., 2015) . Another limitation met in the field was the fact that the entirety of the arable 193 landscape has been cultivated, leaving no natural controls to test against. 194
Finally, a series of seven blocks were taken from Test Pits 1, 2, 4 and 5 for soil 195 micromorphological analysis (Courty et al., 1989; Bullock et al., 1983; Murphy, 1986; Stoops, 196 2003 Stoops, 196 , 2010 . These aimed to be representative of, and characterise, the main stratigraphic 197 horizons present in the terrace system. Their analysis would serve to ground-truth the other 198 physical analyses, and indicate the pedogenic processes at work. This was part of a wider 199 geoarchaeological study of the upper Ica valley (French, 2015, pp. 54-62). 200
Results

201
The results of our study are summarised in Tables 2-7 . The research questions considered are 202 addressed at the scale of the individual profile, transect, and terrace system. The quantitative 203 results demonstrate some down-profile and downslope trends (Table 6) , and in combination with 204 the micromorphological analyses (Table 7) , the assembled data create a clear picture of the 205 inherent soil characteristics and processes of the Sangayaico terrace soils. 206
The test pit profiles 207
For the majority of test pit profiles four soil horizons were evident (Table 2 These values are all relatively low and do not suggest a high potential for elemental changes and 226 reactions taking place in this soil system. The highest EC values were from the uppermost 227 growing horizon, a common feature in arid environments due to the deposition of salts in the 228 topsoil during evapo-transpiration and the breakdown of organic matter (Meurisse et al., 1990 ; 229 Rhoades et al., 1999; Smith et al., 1996) . 230
Soil moisture and organic contents 231
The soil moisture content of the air-dried soil ranged from 0.86 to 6.05%, averaging 2.39%, but 232 
Particle size analysis 242
Due to the variability of the sand-and silt-sized particle distribution, no clear patterns were 243 evident down-profile in either terrace system. However, the percentage distribution of the clay-244 sized fraction generally decreased down-profile, with variability increasing downslope (only in 245
Terrace System A). In Terrace System A Row 1, there was a down-profile increase in the 246 distribution of clay, most notably between layers 3 and 4 or in the buried B soil, and between 247
Rows 3 and 1 the clay component increased to 11% with a coincident increase in silt content. 248
Terrace System B showed little soil textural variation downslope, with the middle terrace (Row 249 2) showing a higher distribution of sand at the expense of the silt-and clay-sized fractions. 250
Phosphorous determination 251
Phosphorous determination results were separated in this study into total (P tot ), inorganic (P in ) 252
and organic (P org ) categories. Phosphorus values averaged 788.17 µg/ml P tot , 569.29 µg/mL P in , 253 and 218.88 µg/ml P org (Tables 4 and 5 ). The results showed no general trends down-profile 254 (Table 6 ), but there was a large range in P values represented from weakly to moderately 255 enhanced (P tot = 224.91-1300.76 µg/ml and P in = 7.85-892.61 µg/ml). This is in common with the 256 results from previous research done in the Andes, with the exception of the higher values 257 associated with the use of P-rich fertilizer (Eash, 1989; Goodman-Elgar, 2002; Sandor and Eash, 258 1991, 1995). Downslope, profile averages of P org decreased between Rows 6 and 5, from 157.16 259 to 89.77 µg/ml, then increased to Row 1 at 402.25 µg/ml. 260
Micromorphological analysis 261
Micromophological analysis was undertaken on samples from the main indicative stratigraphic 262 horizons represented in Test Pits 1, 2, 4 and 5 (see Table 7 ; Fig. 5 ). The make-up of the terrace 263 deposits in Test Pit 1 exhibited a poorly sorted, apedal, sandy/silt loam fabric with grains found 264 in all orientations (Fig. 6a) . This soil had once contained a greater organic component as 265 indicated by the vughy nature of the soil fabric (Stolt and Lindbo, 2010), but was neither 266 particularly humic nor affected by the secondary formation of amorphous sesquioxides. Similar 267 material continues to be evident down-profile until the weathered tonalite bedrock material is 268 encountered (Fig. 6b) . There is no indication of a buried soil present even though this had been 269 hinted at in the field. 270
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The terrace make-up in Test Pit 2 was very similar to that observed in Test Pit 1. At the base of 271 the test pit there was a similar sandy/silt loam without much humic or amorphous iron staining, 272 but it did exhibit hints of a small blocky ped structure and occasional aggregates, and a few 273 coatings of pure to dusty (silty) clay in the groundmass (Fig. 6c) . This is suggestive of a possible 274 weathered B or Bw (cambic) horizon remnant of a buried soil (Kuhn et al., 2010) . 275
Test Pit 3 was not sampled as there was only c. 15 cm of present day topsoil over the weathered 276 bedrock. Test Pit 4 was also shallow with only 20 cm of modern topsoil over a possible buried 277 soil that was similar to that in the base of Test Pit 2 (Fig. 6d) . The basal horizon of Test Pit 5 278 exhibited a similar fabric to the other possible old land surface in Test Pit 2, a sandy/silt loam, 279 but in this case it had common micro-charcoal and occasional void in-fills of phytolith-rich ash 280 (Fig. 6e) . The latter are suggestive of deliberate additions of organic midden-derived material to 281 the soil as fertiliser that have worked their way down-profile in the pore-soil water system and by 282 soil faunal mixing (Stolt and Lindbo, 2010), but do not appear to be a common feature of these 283 terrace soils as observed in the other test pits. 284
The make-up material of the stone terraces of system B on the downhill slopes to the west of the 285 Sangayaico site complex was much thinner than had been expected, ranging in thickness from c. 286 56-67 cm. In Test Pit 5 there was a hint of an old land surface present in the basal c. 16cm of the 287 profile, but not in Test Pits 21 and 22. The terrace deposits are consistently composed of a poorly 288 sorted mixture of very fine to fine sand-sized quartz and tonalite fragments with a humic silt fine 289 fraction inbetween (Fig. 6a) . The thin surviving buried soil/old land surface is composed of a 290 similar fabric but was less porous, somewhat better sorted, with a weakly developed blocky ped 291 structure, occasional pure to dusty clay in the groundmass, and a greater included humic 292 component which also comprised plant derived ash. 293
Discussion 294
Soil micromorphological analysis suggests that reasonably well defined old land surfaces/buried 295
The majority of the c. 25-75 cm terrace build-up was composed of a similar sandy/silt loam soil 300 material, but mainly without illuviation features, intermixed with common to abundant tonalite 301 rock fragments of varying sizes. In many respects the terrace build-up material resembles a 302 depleted eluvial Eb horizon, with increased coarser, sand-sized and stone-sized components. The 303 lack of variability in clay content down-profile is likely due to the eluviation of clays from the A 304 horizon (Sandor and Eash, 1995) . This points to a combination of lateral and down-profile soil 305 flushing caused by introduced water from irrigation, as well as physical mixing processes 306 associated with past arable use of the terraces, the incorporation of organic matter and strong soil 307 faunal activity, and exposure and weathering of the tonalite bedrock in the upper part of each 308 terrace. It should also be noted that in the Andean sierra, soils are exposed to diurnal freeze-309 thaw variations that when combined with intense solar radiation and dramatic differences in 310 seasonal and annual variability in rainfall, accelerate the soil mixing processes and the 311 weathering of the parent material and downslope erosion processes throughout the soil system 312 The basal terrace soils are essentially stabilised versions of the terrace make-up material above. 314
Any real presence and depth of older (earlier Holocene) soils are ostensibly missing beneath the 315 terrace systems investigated, but geoarchaeological investigations by C French as part of the 316 same overall project have discerned argillic fine sandy clay loam soils present in the Olaya 317 valley about 200m and 2km upstream of Sangayaico. Thus it is possible that these argillic soils 318 (or luvisols) were once more widespread in the catchment, but have generally changed beyond 319 recognition quite rapidly, first to colluvial sandy loams and then to terrace accumulations of 320 rubbly sandy/silt loam over shallow, weakly developed, often truncated, A-B/C or A-B-B/C/C 321 cambisol or leptosol-type soils. Down-slope erosion and associated soil truncation prior to the 322 establishment of the terraces would have been a real consideration in causing this soil change, 323 but are almost impossible to quantify, and it is impossible to rule out previous agricultural 324 activities on the slopes also contributing to this apparent major change in soil type and its 325
survival. 326
The chronology of these changes is much harder to ascribe with any real accuracy. Certainly 327 other examples of Andean terrace systems are fully developed by about 1300 years ago (Beach et 328 al., 2015), and it is reasonable to assume that the terrace systems on the slopes adjacent to 329
Sangayaico are at least associated with the settlements that are dated there to cal AD 1122-1527. 330
Either way, there is a strong probability that the soil-scape on the hillsides has been highly 331 modified by the past establishment of the terrace system(s), perhaps over no more than the past 332 800-900 years or so. The whole soil complex is relatively young and under-developed. 333
Nonetheless, these terrace soils appear to have been well managed, essentially through the 334 repeated addition of organic matter. 335
Arable cropping would have continued to deplete the nutrient and organic matter levels of these 336 terrace soils. This would have occurred despite the regular introduction of water carried down 337 valley along-slope by the main stone irrigation channels, fed by spring/river water from the 338 pampa zone and sluices letting the water downslope into each set of terraces (Denevan, 2001) , 339 the continuing deliberate addition of organic matter from the turning in of harvested crops, 340 pastoral herds being kept on these fields in-between cropping seasons and any deliberate 341 additions of household midden debris. To the detriment of the wider soil system on the valley 342 sides, irrigation and rainfall combined would have encouraged the flushing of fines and nutrients 343 from these soils down-profile and down-slope as lateral flushes, possibly counter-acting the 344 moisture retention aspect of the thickened terrace soils themselves. Consequently long fallow 345 recovery periods of several years would have been required to maintain a reasonable fertility in 346 these soils as well as regular burning of the fields after each growing season (as practised today). 347
Even then, recovery of fertility would have been slow and any real soil development unlikely, a 348 feature which is recognised today despite much of this highland area being abandoned and 349 largely unused. husband it successfully (Sandor and Furbee 1996) . 376
In this Viejo Sangayaico study, no conclusive indicators were observed to more precisely 377 indicate which agricultural strategy may have been employed. The paucity of ceramic and faunal 378 remains and charcoal in and on the terraces themselves, often associated to the removal of 379 household waste (Goodman-Elgar, 2002), and the lack of spikes in soil organic matter and 380 phosphorous (P tot , P in , or P org ) averaged across rows, would indicate that midden material was not 381 generally added to the terrace surfaces. Without a natural soil profile to compare to as a control, 382 it is hard to provide quantitative support for an argument attesting to the extent of manuring. But 383
given the similarities of the results presented here to that of Homburg et al. (2005) , and the lack 384 of extraordinary peaks in phosphorus as discussed in Sandor and Eash (1991) , it is likely that the 385 terrace systems associated with Sangayaico were never extensively fertilised through manuring. 386
Based on ethnographic evidence and field observation, it is probable that manuring was mainly 387 done by grazing animals following the harvest or during a fallow period (De la Vega, 1960; 388 Guillet, 1981 388 Guillet, , 1987 Zimmerer, 1998) . Finally there is no conclusive evidence for seasonal field 389 burning in the Sangayaico terrace systems. Indeed, there was very little charcoal found in the 390 terrace profiles, except for the uppermost levels of the A p horizon in Terrace System B, which 391 probably indicates a recent burning. 392
As to whether past agricultural strategies have affected long-term soil fertility, the terraces 393 associated with Sangayaico showed little evidence for degradation. But, substantial fallow time 394
and the grazing of animals on the crop stubble would have helped ameliorate this system. 395
Anecdotal conversation with the local farmers working around Sangayaico suggests that the 396 fields remain productive without the use of artificial fertilisers due mainly to the use of a five-397 year fallow period following a two-three-year growing period. Another important factor in the 398 preservation of the Sangayaico agricultural landscape is the continued use of the chaquitaclla, or 399
Andean foot plough, to turn the soil in the fields. Indeed, using the chaquitaclla greatly reduces 400 the breakdown of beneficial soil aggregates as opposed to mechanised ploughing (Goodman-401
Elgar, 2008). 402
It should also be noted that Terrace System A was selected because it appeared to be one of the 403 best preserved terrace systems associated to the Sangayaico site, whilst other terrace systems in 404 the vicinity have fallen into disrepair. The resulting differences between denuded areas and those 405 
